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(54) Magneto-optic disk apparatus 

(57) In a magneto-optic disk apparatus which car- 
ries out recording, playback or erasing of data with a 
single laser beam, recorded data is read simultaneously 
with a recording or erasing operation to eliminate the 
time of waiting for the disk (3) to make a turn. A signal 
separation circuit (7) is provided for a magneto-optic 
disk apparatus which carries out recording, playback or 
erasing of data by applying a laser beam through an 
optical head (2) to a spot on a magneto-optic disk (3). In 
a recording or erasing operation, a magneto-optic play- 
back signal (6) obtained from reflected light of a record- 
ing or erasing beam is input to the signal separation 
circuit (7) which separates and outputs the recorded 
data signal (8) contained in the magneto-optic playback 
signal (6) consequently to read a recorded data signal 
(10) simultaneously with carrying out a recording or 
erasing operation. 
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Description 

The present invention relates to a magneto-optic 
disk apparatus, and in particular to data reading before 
erasing (referred to as " erase-after-read" hereinafter) s 
system and data reading before writing (referred to as 
"write-after-read" hereinafter) system in a magneto- 
optic disk apparatus for recording, playing back, or eras- 
ing a data signal on a magneto-optic disk by means of a 
semiconductor laser. 

Recently, with a growing demand for increasing the 
capacity and operation speed of a data memory unit 
there has been paid much attention to a magneto-optic 
disk apparatus for recording, playing back, or erasing a 
data signal on a magneto-optic disk utilizing a semicon- 
ductor laser. 

Fig. 9 shows a block diagram of an ordinary con- 
ventional magneto-optic disk apparatus of a magnetic 
field modulation type. Referring to Fig. 9, the magneto- 
optic disk apparatus comprises a semiconductor laser 
unit 1 , an optical head 2, a magneto-optic disk 3 which 
is provided with a recording film 4, a bias magnetic field 
unit 5 for exerting a bias magnetic field to the recorcfing 
film 4 by receiving a recording signal 13 transmitted 
from a CPU 14. The apparatus further comprises a 
binary coding circuit 9 outputting a playback signal 10 to 
the CPU 14, and a semiconductor laser drive circuit 1 1 
for driving the semiconductor laser unit 1 . A record/pl ay- 
back/erase changeover signal 12 is transmitted to the 
drive circuit 1 1 from the CPU 14. 

In regard to the mutual relations and operations of 
the above-mentioned constituent units of the magneto- 
optic disk apparatus, the following describes the proce- 
dures for carrying out data recording or erasing on the 
magneto-optic disk 3 according to, for example, a mag- 
netic field modulation type magneto-optic disk appara- 
tus with reference to Fig. 9. Laser beams emitted from 
the semiconductor laser unit 1 are focused on the 
recording f flm 4 on the magneto-optic disk 3 through the 
optical head 2. The recording film 4 is designed to be 
magnetically orientated in a direction perpendicular to 
the film surface when in an unrecording mode (i.e., data 
erasing mode) in such a manner that the magnetization 
of the recording film 4 is oriented, for example, in the 
direction from the laser beam incident side to the 
recording film 4. 

In the data recording mode, the CPU 1 4 transmits a 
record/playback/erase changeover signal 12 to the 
semiconductor laser drive circuit 1 1 to control the semi- 
conductor laser unit 1 to yield such a high optical output 
of the laser beam that the laser beam incident portion of 
the recording film 4 can be maintained at a temperature 
not lower than the Curie point of the film member. The 
CPU 14 further outputs a recording signal 13 to the bias 
magnetic field unit 5 to modulate the bias magnetic field 
exerted to the recording film 4 in a direction perpendic- 
ular to the recording film surface. The bias magnetic 
field is so modulated depending on the recording signal 
13 that the bias magnetic field is oriented in the direc- 
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lion from the laser beam incident side to the recording 
film 4 when the recording data is "0", or otherwise so 
modulated that the bias magnetic field is oriented in the 
direction from the recording film 4 to the laser beam inci- 
dent side when the recording data is "1". The coercive 
force of the recording film 4 is reduced to zero at a tem- 
perature not lower than the Curie point so that the 
recording film 4 is magnetically oriented in the direction 
of the current bias magnetic field exerted to the record- 
ing film 4. When the recording film 4 passes through the 
laser beam application position and the temperature 
thereof becomes lower than the Curie point, the mag- 
netization of the magnetized recording film 4 is main- 
tained in the direction of the currently modulated bias 
magnetic field thereby to complete the data recording 
operation. 

In the data playback mode, the CPU 14 transmits a 
record/playback/erase changeover signal 12 to the 
semiconductor laser drive circuit 1 1 to control the semi- 
conductor laser unit 1 to generate such a low optical 
output of the laser beam that the laser beam incident 
portion of the recording film 4 is suppressed at a tem- 
perature lower than the Curie point for maintaining the 
coercive force. Therefore, the current magnetization of 
the recording film 4 is maintained because the coercive 
force thereof is not reduced to zero. The polarization of 
the laser beam applied to the recording film 4 is rotated 
under application of the bias magnetic field when the 
laser beam is reflected on the recording film 4 due to an 
interaction with the magnetized recording film 4. This 
effect is known as "Kerr effect" in the art Since the mag- 
netization direction of the recording film 4 differs 
depending on which is selected the recording state or 
the unrecording state, the direction of the rotation angle 
of the polarization of the laser beam also differs. The dif- 
ferent rotation amount and direction of the polarization 
of the laser beam is detected by means of the optical 
head 2 thereby to play back the recorded data signal. 

In the erasing operation mode, the CPU 1 4 controls 
the recording signal 13 to be only "0" so that the bias 
magnetic field unit 5 continues to generate a bias mag- 
netic field onto the recording film 4 with the same mag- 
netic orientation as that in the unrecording mode, in 
other words, the recording film 4 is magnetized in such 
a manner that the magnetization of the recording film 4 
is oriented in the direction from the laser beam incident 
side to the recording film 4. The other operations in the 
erasing operation mode are carried out in the same 
manner as in the recording mode. 

Fig. 10 shows a schematic diagram of an ordinary 
conventional optical modulation type magneto-optic 
disk apparatus. Referring to Fig. 10, the apparatus com- 
prises a semiconductor laser unit 101 for generating a 
laser beam, an optical head 102 receiving the laser 
beam reflected on a recording film and transmitting a 
magneto-optic playback signal 106 to a binary coding 
circuit 119 which transmits a playback signal 120 to a 
CPU 125. The apparatus further comprises a magneto- 
optic disk 103 which is provided with the recording film 
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104, a bias magnetic field unit 105 for exerting a bias 
magnetic field to the recording fflm 104, and a semicon- 
ductor laser drive circuit 111. The CPU 125 transmits a 
bias magnetic field control signal 1 12 to the bias mag- 
netic field unit 1 05, a record/playback/erase changeover 5 
signal 113 and a recording signal 1 14 to the semicon- 
ductor laser drive circuit 111. The above-mentioned 
construction is similar to that of the apparatus in Fig. 9 
except for some functions of several constituent ele- 
ments. 

The following describes data recording and erasing 
operations on the magneto-optic disk 103 according to 
the optical modulation method with reference to Fig. 10. 
Laser beams emitted from the semiconductor laser unit 
101 are focused on the recording film 104 provided on 
the magneto-optic disk 103 through the optical head 
1 02. The recording film 1 04 is magnetically oriented in a 
direction perpendicular to the film surface in the unre- 
cording state. In the unrecording state, the magnetiza- 
tion of the recording film 104 is oriented in the direction 
from the laser beam incident side to the recording film 
104. 

In the recording operation mode, the CPU 114 
transmits the bias magnetic field control signal 112 to 
the bias magnetic field unit 105 to generate a bias mag- 
netic field such that the magnetization of the recording 
film 104 is oriented in the direction opposite to the direc- 
tion in the unrecording state, in other words, oriented 
from the recording film to the laser beam incident side. 
Then the record/playback/erase changeover signal 113 
and the recording signal 1 14 are transmitted to the sem- 
iconductor laser drive circuit 1 1 1 to modulate the laser 
beam output of the semiconductor laser unit 101. The 
modulation of the laser beam output is so effected as to 
change the temperature distribution of the recording film 
104. When the temperature of the recording film 104 is 
increased not lower than the Curie point, the coercive 
force of the recording film 1 04 is reduced to zero, so that 
the recording film 104 is magnetically oriented in a 
direction of the bias magnetic field currently exerted 
from the bias magnetic field unit 105 to the recording 
film 104. When the laser beam application is completed 
and the temperature of the recording film 104 is made 
lower than the Curie point, the coercive force of the 
recording film 104 is recovered and the magnetic orien- 
tation of the magnetized recording film 104 is main- 
tained in the direction of the current bias magnetic field 
thereby to complete the recording operation. 

In the playback operation mode, the CPU 125 
transmits the record/playback/erase changeover signal 
1 13 to the semiconductor laser drive circuit 1 1 1 to con- 
trol the semiconductor laser unit 101 to generate such a 
low laser beam output that the laser beam incident por- 
tion of the recording film 104 is suppressed at a temper- 
ature lower than the Curie point, and the suppressed 
laser beam is applied to the recording film 1 04 maintain- 
ing the coercive force. The polarization of the applied 
laser beam is rotated when reflected on the recording 
film 104 due to an interaction with the magnetized 
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recording film 104. Since the magnetic orientation of the 
magnetized recording film 104 differs depending on 
which is selected the recording state or unrecording 
state, the rotation angle or direction of the polarization 
of the laser beam also differs. The different rotation 
amount and direction of the polarization of the laser 
beam is detected by means of the optical head 102 
thereby to playback the recorded data signal. 

In the data erasing mode, the CPU 125 transmits 
the bias magnetic field control signal 112 to the bias 
magnetic field unit 1 05 to generate a bias magnetic field 
such that the bias magnetic field is oriented in the same 
direction as in the unrecording mode, i.e., in the direc- 
tion from the laser beam incident side to the recording 
film 104. Then the record/playback/erase changeover 
signal 113 is transmitted to the semiconductor laser 
drive circuit 1 1 1 to control the semiconductor laser unit 
101 to generate such a high output laser beam that the 
recording film 104 is maintained at a temperature not 
lower than the Curie point. When the temperature of the 
recording film 104 is increased not lower than the Curie 
point, the coercive force of the recording film 104 is 
reduced to zero, so that the magnetization of the record- 
ing film 104 is oriented in the direction of the bias mag- 
netic field currently exerted by the bias magnetic field 
unit 105, i.e., in the same direction as that in the unre- 
cording state. When the laser beam application is com- 
pleted and the temperature of the recording film 104 is 
made lower than the Curie point the coercive force of 
the recording film 104 is recovered and the magnetiza- 
tion direction of the recording film 104 is maintained in 
the direction of the current bias magnetic field, i.e., in 
the same direction as in the unrecording state thereby 
to complete the erasing operation. 

In the magneto-optic disk apparatus of both the 
magnetic field modulation type and the optical modula- 
tion type described above, there is a growing demand 
for providing the function of erase-after-read and write- 
after-read capable of recovering recorded data even 
when necessary data is faultily erased or overwritten, or 
in such an erroneous operation as track jumping of the 
unit 

The following describes the erase-after-read opera- 
tion of the conventional magneto-optic disk apparatus. 
Fig. 1 1 shows a flow chart of the erase-after-read oper- 
ation. Referring to Fig. 11, firstly the position of the 
recorded data to be erased is subject to playback 
thereby to read the recorded data at the step S1 1 . Sec- 
ondly at the step S12, the process enters a waiting 
mode in which at least one turn or rotation of the disk is 
effected until the laser beam is applied again to the 
specified position. Then a data erasing operation is car- 
ried out at the step S1 3. ft takes about several tens sec- 
onds for the magneto-optic disk to make one turn, and 
the magneto-optic disk apparatus has nothing to do in 
almost the entire waiting period. For the above reasons, 
the waiting period for the magneto-optic disk to make 
one turn in the erase-after-read operation is a serious 
obstacle to an attempt of increasing the operation 
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speed of the magneto-optic disk apparatus. 

In regard to the write-after-read operation, a direct 
overwriting is theoretically permitted in a magnetic field 
modulation type, where the recording and erasing oper- 
ations are the same except the control procedures for s 
controlling the recording signal, and therefore the write- 
after-read and the erase-after-read are carried out in the 
same manner. Fig. 12 shows a flow chart of the write- 
after-read operation. Firstly at the step 21 , the position 
of the recorded data to be written is subject to playback 
so that the recorded data is read. Secondly at the step 
S22, the process enters the waiting mode in which at 
least one turn of the disk is effected until the laser beam 
is applied again to the specified position. Then at the 
step S23, a writing operation is carried out In the write- 
after-read operation, the waiting period for the magneto- 
optic disk to make one turn is also a serious obstacle to 
increasing the operation speed of the magneto-optic 
disk apparatus for the same reasons as in the erase- 
after-read operation. 

As shown in Fig. 13, for giving solution of the 
above-mentioned problems, there is a method of carry- 
ing out write-after-read or erase-after-read operations 
without waiting period for the magneto-optic disk to 
make at least one turn by employing two semiconductor 
laser units of a precedent-spot semiconductor laser unit 
53 and a main-spot semiconductor laser unit 51, 
wherein the playing back operation of the recorded sig- 
nal is effected with a precedent beam spot 58 while the 
recording and erasing operations are carried out with a 
main beam spot 59. 

Other than the above-mentioned method, there is a 
method of using a two-beam semiconductor laser unit 
65 as shown in Fig. 14, or a method of dividing the for- 
ward output light of a semiconductor laser unit 66 by 
means of a diffraction grating 67 to produce multi-laser 
beam to be applied onto a recording film 61 of a mag- 
neto-optic disk 60 as shown in Fig. 15. 

For instance, in the aforesaid conventional mag- 
neto-optic disk apparatus where the two semiconductor 
laser units, i.e., the precedent-spot semiconductor laser 
beam 53 and the main-spot semiconductor laser beam 
51 are used as shown in Fig. 13, two independent sem- 
iconductor laser drive circuits are necessary respec- 
tively for the employed two semiconductor laser units. 
The above fact results in a complicated circuit and 
requirement of focusing the two semiconductor laser 
beams on the recording film 61 of the magneto-optic 
disk 60 concurrently without aberration, which also 
leads to a complicated optical system and difficulty in 
designing and adjustment and therefore resulting in 
cost increase. 

Also in the method of employing the two-beam 
semiconductor laser unit 65 for simplification of the opti- 
cal system as shown in Fig. 14, however, the method is 
basically not free of the above-mentioned problems of 
the complication of the optical system, and two semi- 
conductor laser beam drive circuits fatally causes the 
same circuit problems as described above. 



In the method where the forward output laser beam 
of the semiconductor laser unit 66 is divided through the 
diffraction grating 67 into multi-laser beams to be 
applied onto the recording film 61 of the magneto-optic 
disk 60 as shown in Figure 15, only one semiconductor 
laser unit is employed to permit provision of one semi- 
conductor laser drive circuit giving solution to the circuit 
problems, however, the optical system has the same 
problems as in the aforesaid two examples. 

In EP-A-0,429,221, first published after the filing 
date of the present application (ARTICLE 54(3) EPC), 
an example of a magneto-optic recorder-player is dis- 
closed having a single laser beam. This beam heats an 
area of the storage member to a temperature above the 
Curie temperature to allow for erasing of the information 
in the area. Due to the relative movement of the area of 
the storage member and the laser beam, one edge of 
the area remains at a temperature below the Curie tem- 
perature, and is therefore not erased. The light reflected 
from the area will therefore be polarized both by the 
magnetisation of the erased portion, and by the mag- 
netisation of the unchanged edge portion. Due to the 
two different polarisations, the precise nature of the pre- 
vious signal cannot be determined. 

US-A-4 991 158 reflecting the preamble of the inde- 
pendent claims discloses an optical recording appara- 
tus in which an erase beam irradiates an area of a disk, 
heating the area above the Curie temperature to allow 
erasing of the information. It is disclosed that the erase 
beam takes some time to heat the area to a temperature 
above the Curie temperature, and that during this heat- 
ing period, the pre-recorded data can be read. However, 
in practice, due to variations in the temperature distribu- 
tion of the irradiated area, some parts of the area will 
reach the Curie temperature more quickly than others, 
thereby changing the polarisation of the reflected beam, 
and preventing accurate reading. 

The object of the present invention is to provide a 
magneto-optic disk apparatus capable of easily carrying 
out a write-after-read or erase-after-read operation with 
only a single semiconductor laser unit and without wait- 
ing for the magneto-optic disk to make a complete turn 
between operations and preferably without altering the 
existing recordi ng/playback system. 

According to the first aspect of the present inven- 
tion a magneto-optic disk apparatus of a magnetic field 
modulation type comprises: 

semiconductor laser means for applying a laser 
beam onto a recording film provided on a magneto- 
optic disk to record data and to erase the recorded 
data; 

optical head means which carries out recording 
playback, and erasing of data by focusing the laser 
beam emitted from said semiconductor laser 
means onto a spot on said recording film; 
semiconductor laser drive means for controlling the 
output of said semiconductor laser means by 
selecting a recording, playback or erasing opera- 
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tion; 

bias magnetic field means for exerting a bias mag- 
netic field onto the recording film of said magneto- 
optic disk according to the selected operation of 
recording or erasing; s 
control means for controlling the entire part of said 
magneto-optic disk apparatus; 

characterised in that the apparatus also 
includes signal separation means for separating a 
magneto-optic playback signal outputted by said w 
optical head means, and 

binary coding means for converting an output of 
said signal separation means into binary data; 

whereby, when carrying out a recording or 
erasing operation by continuously applying the 15 
laser beam at a spot on the recording film, data 
which is already recorded on the recording film and 
just recorded or erased is read simultaneously with 
the corresponding recording or erasing operation 
by inputting the magneto-optic playback signal 20 
obtained from the reflected laser light reflected from 
the magneto-optic disk to the signal separation 
means and separating the signal component of the 
data recorded to form an output; 

wherein said binary data converted by said 25 
binary coding means from said read out data before 
write or before erase corresponding to the read 
data just recorded or erased is stored in said control 
means for not less than a specified time period after 
completing the recording and erasing operation. 30 

According to the second aspect of the present 
invention, a magneto-optic disk of an optical modulation 
type comprises semiconductor laser means for applying 
a laser beam onto a recording film provided on a mag- 35 
neto-optic disk to record data and to erase the recorded 
data; wherein said binary data converted by said binary 
coding means from said read out data before write or 
before erase corresponding to the read data just 
recorded or erased is stored in said control means (14) 40 
for not less than a specified time period after completing 
the recording and erasing operation. 

According to the above-mentioned construction of 
the present invention, simultaneously with carrying out 
a recording or erasing operation in the modulation sys- 45 
tern on the magneto-optic disk by means of a high 
power laser beam applied from the semiconductor laser 
unit, a magneto-optic signal obtained through the opti- 
ca! head from the laser beam reflected on the magneto- 
optic disk is subject to playback in order to read the data so 
already recorded on the disk. The above-mentioned 
construction enables a write-after-read and erase-after- 
read operation without waiting for the magneto-optic 
disk to make a turn to therefore result in a high-speed 
magneto-optic disk apparatus. The advantageous factor 55 
of employing only one semiconductor laser unit having a 
single laser beam permits use of conventional optical 
and circuit systems without changing the optical head 
construction of the existing recording/playback/erasing 



system, which leads to easily achieving a lew-cost mag- 
neto-optic disk apparatus with high reliability. 

Particular embodiments of apparatus in accord- 
ance with the invention will now be described, with ref- 
erence to the accompanying drawings, in which :- 

Fig. 1 is a block diagram of the construction of a 
magneto-optic disk apparatus in accordance with 
an embodiment of the present invention; 
Fig. 2 is an explanatory view of the state of a 
recording film in a write-after-read or erase-after- 
read operation; 

Fig. 3 is an explanatory view of the state of a mag- 
neto-optic playback signal in a recording operation; 
Fig. 4 is a block diagram of the construction of a sig- 
nal separation circuit in a magneto-optic disk appa- 
ratus in accordance with an embodiment of the 
present invention; 

Fig. 5 is a flow chart of the write-after-read opera- 
tion of a magneto-optic disk apparatus in accord- 
ance with an embodiment of the present invention; 
Fig. 6 is an explanatory view of the state of a mag- 
neto-optic playback signal in a magneto-optic disk 
apparatus in accordance with an embodiment of 
the present invention; 

Fig. 7 is a flow chart of the erase-after-read opera- 
tion of a magneto-optic disk apparatus in accord- 
ance with an embodiment of the present invention; 
Fig. 8 is a block diagram of the construction of a 
magneto-optic disk apparatus in accordance with 
another embodiment of the present invention; 
Fig. 9 is a block diagram of the construction of an 
ordinary conventional magneto-optic disk appara- 
tus; 

Fig. 10 is a block diagram of the construction of an 
ordinary conventional magneto-optic disk appara- 
tus; 

Fig. 1 1 is a flew chart of the erase-after-read oper- 
ation of a conventional magneto-optic disk appara- 
tus; 

Fig. 1 2 is a flow chart of the write-after-read opera- 
tion of a conventional magneto-optic cfisk appara- 
tus; 

Fig. 13 is an explanatory view of an optical head 
employing two semiconductor laser units in a con- 
ventional magneto-optic disk apparatus; 
Fig. 14 is an explanatory view of an optical head 
employing a two-beam semiconductor laser unit in 
a conventional magneto-optic disk apparatus; and 
Fig. 15 is an explanatory view of an optical head 
employing a diffraction grating in a conventional 
magneto-optic disk apparatus. 

Before the description proceeds, it is noted that 
since the basic structure of the magneto-optic disk 
apparatus is similar to those of the conventional mag- 
neto-optic disk apparatus, like parts are designated by 
the same reference numerals. 

The following describes a first embodiment of a 
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magneto-optic disk apparatus in accordance with the 
present invention with reference to the attached draw- 
ings. Fig. 1 shows a block diagram of a construction of a 
magneto-optic disk apparatus of a magnetic field modu- 
lation type in accordance with a first embodiment of the 5 
present invention. Referring to Fig. 1 f the magneto-optic 
disk apparatus comprises a semiconductor laser unit 1 
for emitting laser beams to a recording film 4 provided 
on a magneto-optic disk 3 through an optical head 2. 
The apparatus further comprises a bias magnetic field 
unit 5 for exerting a bias magnetic field to the recording 
film 4, a signal separation circuit 7 for receiving a mag- 
neto-optic playback signal 6 from the optical head 2 and 
transmitting a separation signal 8 to a binary coding cir- 
cuit 9 which transmits a playback signal 10 to a CPU 1 4. 
The CPU 1 4 transmits a record/jDlayback/erase change- 
over signal 12 to a semiconductor laser drive circuit 1 1 
and also transmits a recording signal 13 to the bias 
magnetic field unit 5. The record/playback/erase 
changeover signal 12 and the recording signal 13 are 
also transmitted to the signal separation circuit 7 from 
the CPU 14. The laser beams emitted from the semi- 
conductor laser unit 1 are focused onto the recording 
film 4 by means of the optical head 2. The recording film 
4 is so designed as to be magnetized in a direction per- 
pendicular to the film surface when in the data unre- 
cording mode in such a manner that the magnetization 
of the recording film 4 is oriented, for example, in the 
direction from the laser beam incident side to the 
recording film 4 when in the unrecording mode. 

The following describes the mutual relations and 
operations of the constituent elements of the magnetic 
field modulation type apparatus. It is noted that the the- 
ory and operations of recording data in the recording 
mode of the first embodiment shown in Fig. 1 are similar 
to those of the conventional apparatus as already 
described with reference to Fig. 9, and therefore no par- 
ticular description is provided here. 

In the playback mode, the CPU 14 transmits a 
record/playback/erase changeover signal 12 to the 
semiconductor laser drive circuit 1 1 to control the semi- 
conductor laser unit 1 to generate such a low optical 
output of laser beam that the temperature of the laser 
beam incident portion of the recording film 4 is sup- 
pressed lower than the Curie point for maintaining the 
coercive force of the recording film, and under this con- 
dition the laser beam is applied to the recording film 4. 
The polarization of the applied laser beam is rotated 
according to Kerr effect when reflected on the recording 
film 4 due to an interaction with the magnetized record- 
ing film 4. Since the magnetization direction of the 
recording film 4 differs depending on which is selected 
the recording mode or the unrecording mode, the rota- 
tion direction and angle of the polarization of the 
reflected laser beam also differs. The rotation amount of 
the polarization of the reflected laser beam is detected 
by means of the optical head 2 to generate the mag- 
neto-optic playback signal 6. The magneto-optic play- 
back signal 6 obtained in the playback operation mode 



contains only the signal component of the data already 
recorded. When the signal separation circuit 7 is driven 
to exert no change on the magneto-optic playback sig- 
nal 6 with the recorctfal ayback/erase changeover signal 
12 transmitted from the CPU 14, the magneto-optic 
playback signal 6 appears as it is in the separation sig- 
nal 8 which is output of the signal separation circuit 7. In 
the above case, the separation signal 7 is required to 
carry out an operation accompanied by no change of 
waveform, and therefore it is also permissible to bypass 
the signal separation circuit 7. The separation signal 8 is 
then converted into a binary data by means of the 
binary coding circuit 9. The CPU 14 reads the playback 
signal 10 of the binary data transmitted from the binary 
coding circuit 9 thereby to play back the recorded data 
signal. 

According to the magnetic field modulation type 
apparatus, a direct overwriting operation is theoretically 
permissible. The write-after-read operation in accord- 
ance with the first embodiment of the present invention 
is carried out as follows. When data is recorded onto the 
recording film 4 of the magneto-optic disk 3 with appli- 
cation of a high-power laser beam generated by the 
semiconductor laser unit 1, the laser light reflected on 
the recording film 4 is detected by the optical head 2 to 
obtain the magneto-optic playback signal 6 in the same 
manner as in the playback operation mode That is, the 
recording operation and the playback operation are 
simultaneously carried out After processing the mag- 
neto-optic playback signal 6 in the signal separation cir- 
cuit 7, the obtained separation signal 8 is converted into 
a binary data by means of the binary coding circuit 9, 
and then the CPU 14 reads the binary data 10 thereby 
to play back the recorded data signal simultaneously 
with a recording operation to thereby effect a write-after- 
read operation. 

Fig. 2 shows a state of the recording film at the time 
of write-after-read operation. Referring to Fig. 2, when a 
portion of the recording film 21 of the magneto-optic 
disk reaches the laser beam application spot region 23 
onto which a laser beam 22 is applied from the laser 
unit, the temperature of the laser beam applied portion 
of the recording film 21 is increased. Since a limited 
time lag exists in the increment of the temperature of the 
recording film portion applied with the laser beam 22 
and since the magneto-optic disk is rotating, there takes 
place a specific displacement between the laser beam 
application region 23 and a region having a particular 
temperature distribution, e.g., a region (Tc) 24 having a 
temperature not lower than the Curie point, resulting in 
that the region (Tc) 24 follows the laser beam applica- 
tion region 23. Therefore, the laser beam application 
region 23 consequently consists of a region (A) 25 hav- 
ing a temperature not lower than the Curie point and a 
region (B) 26 having a temperature lower than the Curie 
point When the temperature is increased not lower than 
the Curie point, the coercive force of the recording film 
21 is reduced to zero and the magnetisation of the 
recording film 21 is oriented in a direction of the mag- 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 EP 0 784 317 A2 12 



netic field currently exerted from the bias magnetic field 
unit. Since the bias magnetic field is modulated accord- 
ing to a data signal to be recorded, the region (A) 25 
having a temperature not lower than the Curie point is 
magnetically oriented according to the data signal to be 5 
recorded, and therefore the laser light reflected on the 
region (A) 25 contains the signal component of the data 
to be recorded. On the other hand, the temperature of 
the region (B) 26 is not yet increased to the Curie point, 
and therefore the region (B) 26 maintains the magneti- 
zation corresponding to the already recorded magnetic 
data, resulting in that the laser light reflected on the 
region (B) 26 contains a signal component of the data 
already recorded. As a consequence, the magneto- 
optic playback signal obtained by detecting the laser 
light reflected from the laser beam application region 23 
of the recording film 21 by means of the optical head 
contains both a magneto-optic playback signal of the 
data to be recorded and a magneto-optic playback sig- 
nal of the data already recorded. This means that the 
obtained signal can be assumed to be a composite 
formed by combining a signal independently obtained 
through playback of the reflected light of the laser beam 
applied to the region (A) 25 with a signal independently 
obtained through playback of reflected light of the laser 
beam applied to the region (B) 26. 

Fig. 3 shows the state of a magneto-optic playback 
signal in the recording operation mode. Referring to Fig. 
3, there are shown a laser beam 31 , a laser application 
region 32, a magnetization direction 33 of a recording 
film, a recording signal 34, a bias magnetic field direc- 
tion 35, and a magneto-optic playback signal 38 
detected by means of the optical head. With the move- 
ment of the laser beam application region 32, a mag- 
neto-optic playback signal (a) 36 according to the bias 
magnetic field direction 35, i.e., a signal of the data to be 
recorded can be obtained from the region (A) 25. The 
reason why the inversion of the bias magnetic field 35 
delays with respect to the recording signal 34 and the 
reason why the waveform of the magneto-optic play- 
back signal (a) 36 is unsharpened (gently-sloping) are 
because of the specific response of the bias magnetic 
field unit influenced by such as the self-inductance of 
the magnetic field modulating coil, magnetic inversion 
response of the recording film with respect to the bias 
magnetic field, the response of the current-to-voltage 
conversion system in a light detection operation, etc. On 
the other hand, a magneto-optic playback signal (b) 37 
corresponding to the data already recorded can be 
obtained from the region (B) 26. The reason why the 
magneto-optic playback signal (b) 37 is unsharpened 
(gently-sloping) is because of the spatial frequency 
response of the optical head, the response of the cur- 
rent-to-voltage conversion system in a light detection 
operation, and the like. A composite of both the above- 
mentioned signals 36 and 37 is a magneto-optic play- 
back signal 38 obtained from the optical head. The dif- 
ference in level between the magneto-optic playback 
signal (a) 36 and the magneto-optic playback signal (b) 



37 depends on the intensity of the applied laser beam, 
the relative velocity between the medium and the laser 
beam, the sensitivity of the recording material and the 
like, as is proportional to the area ratio and laser beam 
intensity ratio between the regions (A) 25 and (B) 26 as 
shown in Fig. 2. The magneto-optic playback signal (a) 
36 is a response signal obtained from the recording sig- 
nal 34 transmitted through the bias magnetic field unit, 
the recording film, and the optical head, and therefore 
by using a unit simulating the transfer characteristics of 
the above-mentioned units, a simulated magneto-optic 
playback signal 39 equivalent to the magneto-optic play- 
back signal (a) 36 can be obtained from the recording 
signal 34. The unit for effecting the above-mentioned 
characteristics, i.e., a simulated magneto-optic play- 
back signal generating circuit can be realized by com- 
bining a necessary number of inductor, capacitor, and 
resistor units or by means of a digital processing filter. 
By subtracting thus-produced magneto-optic playback 
signal 39 from the magneto-optic playback signal 38 
obtained from the optical head, a signal identical to the 
magneto-optic playback signal (b) 37 corresponding to 
the data already recorded can be obtained as a separa- 
tion signal 40 thereby to enable separating and extract- 
ing the signal component of the data already recorded. 

Fig. 4 shows a block diagram of the construction of 
the signal separation circuit. Referring to Fig. 4, a mag- 
neto-optic playback signal 41 is applied to a plus termi- 
nal of a subtraction circuit 46, and a recording signal 42 
and a record/playback/erase changeover signal 43 are 
applied to a simulated magneto-optic playback signal 
generating circuit 44 outputting a simulated magneto- 
optic playback signal 45 which is applied to a minus ter- 
minal of the subtraction circuit 46 outputting a separa- 
tion signal 47. In the recording operation mode, the 
simulated magneto-optic playback signal generating cir- 
cuit 44 is controlled with the recordfclayback/erase 
changeover signal 43 transmitted from the CPU to pro- 
duce the simulated magneto-optic playback signal 45 
from the recording signal 42. The simulated magneto- 
optic playback signal 45 is subtracted from the mag- 
neto-optic playback signal 41 by means of the subtrac- 
tion circuit 46 to obtain the separation signal 47 of the 
data already recorded. The separation signal 47 is con- 
verted into a binary data through the binary coding cir- 
cuit and the CPU reads the obtained binary data, 
whereby the data signal already recorded can be played 
back from the reflected light obtained when a recording 
laser beam is applied to the corresponding recording pit 
defined in the recording film. 

Fig. 5 shows a flow chart of the above-mentioned 
write-after-read operation. Referring to Fig. 5, data in a 
specified portion is subject to playback operation while 
new data is recorded onto the same portion only at the 
step S1. Of course there takes place no waiting period 
for the magneto-optic disk to make a turn between the 
playback operation and the record ng operation. 

The following describes the erase-after-read opera- 
tion. In the erase-after-read operation, the bias mag- 
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netic field is not modulated and the direction thereof is 
maintained in the same direction as that of the unre- 
cording state, and the basic operation thereof is the 
same as that of the write-after-read operation. The 
region (A) 25 shown in Fig. 2 is magnetically oriented in 
the direction same as that of the unrecording state due 
to the bias magnetic field, and the reflection light 
reflected on the region (A) 25 contains no signal compo- 
nent On the other hand, the region (B) 26 maintains the 
magnetic orientation corresponding to the data already 
recorded, and the reflection light reflected on the region 
(B) 26 contains a signal component of the data already 
recorded. Therefore, the reflection light reflected on the 
laser beam application region 23 contains only the mag- 
neto-optic signal of the data already recorded corre- 
sponding to the region (B) 26. By detecting such 
reflected light by means of the optical head and playing 
back the magneto-optic signal, the data signal already 
recorded can be played back. 

Fig. 6 shows the state of the magneto-optic play- 
back signal obtained in the erasing operation. With the 
movement of the laser beam application region 32, the 
magneto-optic playback signal (a) 36 according to the 
bias magnetic field direction 35 (i.e., in the unrecording 
state) can be obtained from the region (A) 25. On the 
other hand, a magneto-optic playback signal (b) 37 of 
the data already recorded can be obtained from the 
region (B) 26. The reason why the magneto-optic play- 
back signal (b) 37 is unsharpened (gently-sloping) is 
because of the same reasons as in the write-after-read 
operation. A composite of both the above-mentioned 
signals (a) 36 and (b) 37 is the magneto-optic playback 
signal 38. Since the magneto-optic playback signal (a) 
36 is a silence signal of the unrecording state, the mag- 
neto-optic playback signal 38 becomes the magneto- 
optic playback signal (b) 37 without any modification. 
Therefore, it is not necessary to produce the simulated 
magneto-optic playback signal 39 nor necessary to 
process the magneto-optic playback signal 38, and the 
magneto-optic playback signal (b) 37 of the data already 
recorded can be obtained as the separation signal 40. 

The signal separation circuit in Fig. 4 effects the 
operations as follows in the erase-after-read operation. 
In the recording mode, the simulated magneto-optic 
playback generating circuit 44 is controlled by transmis- 
sion of the record/jplayback/erase changeover signal 43 
from the CPU thereby to output a silence signal as the 
simulated magneto-optic playback signal 45. Hie simu- 
lated magneto-optic playback signal 45 is subtracted 
from the magneto-optic playback signal 41 by means of 
the subtraction circuit 46, which results in exerting no 
influence on the magneto-optic signal 41 which there- 
fore appears as it is as the separation signal 47 without 
any modification. Since the magneto-optic playback sig- 
nal 41 is no other than the signal of the data already 
recorded, the separation signal is converted into a 
binary data by means of the binary coding circuit and is 
read by the CPU, whereby the signal of the data already 
recorded can be correctly played back from the 



reflected light obtained at the time of applying a laser 
beam for erasing data to the recording pit defined in the 
recording film. 

Fig. 7 shows a flow chart of the erase-after-read 

s operation. Referring to Fig. 7, data in a specified portion 
is subject to playback while the data in the same portion 
is erased only at the step S2. Of course there takes 
place no waiting period for the magneto-optic disk to 
make a turn between the playback operation and the 

w erasing operation in the present case. 

The following describes a magneto-optic disk appa- 
ratus in accordance with a second embodiment of the 
present invention with reference to the drawings. 

Fig. 8 shows a schematic diagram of an optical 

is modulation type magneto-optic disk apparatus accord- 
ing to the second embodiment. Referring to Fig. 8, the 
magneto-optic disk apparatus comprises a semicon- 
ductor laser unit 101 for generating a laser beam, an 
optical head 102 receiving the laser beam reflected on 

20 the recording film 104 provided on the magneto-optic 
disk 103 and transmitting a magneto-optic playback sig- 
nal 106 to a binary coding circuit 109 which transmits a 
playback signal 1 10 to a CPU 115. The apparatus fur- 
ther comprises a bias magnetic field unit 105 for exert- 

25 ing a bias magnetic field to the recording film 1 04. and a 
semiconductor laser drive circuit 111. The CPU 115 
transmits a bias magnetic field control signal 1 12 to the 
bias magnetic field unit 105, a record/jplayback/erase 
changeover signal 113 and a recording signal 1 1 4 to the 

30 semiconductor laser drive circuit 111. A laser beam 
emitted from the semiconductor laser unit 101 is 
focused on the recording film 104 of the magneto-optic 
disk 103 by means of the optical head 102. The record- 
ing film 104 is magnetically oriented in a direction per- 

35 pendicular to the film surface in the unrecording state in 
such a manner that the magnetization of the recording 
film 104 is oriented, for example, in the direction from 
the laser beam incident side to the recorcfing film 1 04. 
In the playback mode, the CPU 115 transmits the 

40 recorded ayback/erase changeover signal 113 to the 
semiconductor laser drive circuit 1 1 1 to control the sem- 
iconductor laser unit 101 to generate such a low output 
of laser beam that the temperature of the recording film 
1 04 is suppressed lower than the Curie point, and under 

45 this condition the laser beam is applied to the recording 
film 104. The polarization of the applied laser beam is 
rotated when reflected on the recording film 104 due to 
an interaction with the magnetized recording film 104. 
Since the magnetic orientation of the recording film 104 

so differs depending on which is selected the recording 
state or the unrecording state, the rotation direction of 
the polarized laser beam differs. The rotation amount 
and direction of the polarization of the laser beam is 
detected by means of the optical head 102 thereby to 

55 obtain the magneto-optic playback signal 106. The 
magneto-optic playback signal 106 is converted into a 
binary data by means of the binary coding circuit 109 
and is read by the CPU 1 1 5 thereby to play back the sig- 
nal of the recorded data. 
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The following describes the erase-after-read opera- 
tion. When carrying out an erasing operation with high- 
power laser beam application from the semiconductor 
laser unit 101 onto the recording film 104 of the mag- 
neto-optic disk 103, the reflection laser light reflected on 5 
the recording film 104 is detected by means of the opti- 
cal head 102 simultaneously with a playback operation 
to obtain the magneto-optic playback signal 106. The 
obtained playback signal 106 is converted into a binary 
data by means of the binary coding circuit 1 09 and then 
read by the CPU 115, whereby the signal of the data 
already recorded is played back simultaneously with an 
erasing operation to effect the erase-after-read opera- 
tion. 

The theory and flow charts of the above-mentioned 
operations are the same as those described in conjunc- 
tion with Figs. 2, 6. and 7. 

In any case of the magnetic field modulation type in 
Fig. 1 and optical modulation type in Fig. 8, the data 
played back and read according to the above-men- 
tioned operations is temporarily stored in a memory pro- 
vided inside the CPU 1 4 (Fig. 1 ) or the CPU 1 1 5 (Fig. 8) 
or stored in another independent memory unit Thereaf- 
ter when the occurrence of an faulty operation such as 
track jumping or an erroneous operation by the operator 
is confirmed, the necessary data can be easily recov- 
ered by rerecording the data onto the same portion on 
the disk or by rereading and relocating the data together 
with the relevant data in the same block. 

It is noted that the above-mentioned data restoring 
operation attributed to the erroneous operation of the 
operator necessitates a time for the operator to confirm 
the situation. Therefore, the above-mentioned data 
recovering operation can be selected to be operable or 
inoperable. 

As described above, the present invention provides 
a magneto-optic disk apparatus comprising: a semicon- 
ductor laser unit; a magneto-optic disk on which data is 
recorded or erased in a magnetic field modulation or 
optical modulation manner; an optical head which car- 
ries out recording, playback, or erasing of data by focus- 
ing a laser beam emitted from the semiconductor laser 
unit at a spot on the recording film of the magneto-optic 
disk; a signal separation circuit; a binary coding circuit 
for converting an output of the signal separation circuit 
into binary data; a semiconductor laser drive circuit for 
controlling the optical output of the semiconductor laser 
unit according to the recording, playback, or erasing 
operation; bias magnetic field means for exerting a bias 
magnetic field onto the recording film of the magneto- 
optic disk according to the recording or erasing opera- 
tion; and a control circuit for controlling the operations of 
the above-mentioned constituent elements, whereby, 
when carrying out a recording or erasing operation by 
continuously applying the laser beam at a spot on the 
magneto-optic disk, data which is already recorded on 
the magneto-optic disk and just subject to a recording or 
erasing operation is read simultaneously with the 
recording or erasing operation by inputting a magneto- 



optic playback signal obtained from the reflection light 
reflected on the recording film on the magneto-optic 
disk in the recording or erasing operation to the signal 
separating circuit and separating the signal component 
of the data already recorded to form an output. With the 
above-mentioned construction, a highly-reliable mag- 
neto-optic disk apparatus capable of carrying out the 
write-after-read and erase-after-read operations without 
waiting for the magneto-optic disk to make a turn while 
assuring the data protection in such a case as a faulty or 
erroneous operation occurring in a high-speed opera- 
tion. The same advantageous features can be effected 
in the magneto-optic disk apparatus which carries out a 
data recording in an optical modulation manner. 

Furthermore, the feature of employing only one 
semiconductor laser unit and a single laser beam ena- 
bles use of conventional optical and circuit systems 
without altering the present record/|Dlayback/erase sys- 
tem, which also enables providing a low-cost magneto- 
optic disk apparatus. 

Although the present invention has described a 
recorctyplayback apparatus employing a disk-shaped 
recording medium, it is obvious that the scope of the 
present invention is not limited to such a medium and 
applicable to an apparatus employing a card-shaped or 
tape-shaped recording medium. 

As obvious from the above embodiments, the 
present invention provides a magneto-optic disk appa- 
ratus comprising a semiconductor laser unit a mag- 
neto-optic disk on which data is recorded or erased in a 
magnetic field modulation or optical modulation manner, 
an optical head which carries out recording, playback, 
or erasing of data by focusing a laser beam emitted from 
the semiconductor laser unit at a spot on the recording 
film of the magneto-optic disk, a signal separation cir- 
cuit, a binary coding circuit for converting an output of 
the signal separation circuit into a binary data, a semi- 
conductor laser drive circuit for controlling the optical 
output of the semiconductor laser unit according to the 
recording, playback, or erasing operation, bias mag- 
netic field means for exerting a bias magnetic field onto 
the recording film of the magneto-optic disk according to 
the recording or erasing operation, and a control circuit 
for controlling the operations of the above-mentioned 
constituent elements, whereby, when carrying out a 
recording or erasing operation by continuously applying 
the laser beam at a spot on the magneto-optic disk, data 
which is already recorded on the magneto-optic disk 
and just subject to a recording or erasing operation is 
read simultaneously with the recording or erasing oper- 
ation by inputting a magneto-optic playback signal 
obtained from the reflection light reflected on the mag- 
neto-optic disk in the recording or erasing operation to 
the signal separating circuit and separating the signal 
component of the data already recorded to form an out- 
put. With the above-mentioned construction, a highly- 
reliable magneto-optic disk apparatus capable of carry- 
ing out the write-after-read and erase-after-read opera- 
tions without waiting for the magneto-optic disk to make 
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a turn while assuring the data protection in such a case 
as a faulty or erroneous operation occurring in a high- 
speed operation. Furthermore, the feature of employing 
only one semiconductor laser unit and a single laser 
beam enables use of conventional optical and circuit 
systems without altering the present record/^lay- 
back/erase system, which also enables providing a low- 
cost magneto-optic disk apparatus. 

As described above, any data recording or erasing 
operation is carried out in the write-after-read or erase- 
after-read manner and the read data is stored in a con- 
trol circuit With the above arrangement, in the case that 
a recording or erasing operation effected at a portion on 
the disk is incorrect, or in the case that a faulty operation 
takes place in the course of a recording or erasing oper- 
ation, the corresponding data can be recovered by rere- 
cording the stored data onto the magneto-optic disk. 

Claims 

1 . A magneto-optic disk apparatus of a magnetic field 
modulation type comprising: 

semiconductor laser means (1) for applying a 
laser beam onto a recording film (4) provided 
on a magneto-optic disk (3) to record data and 
to erase the recorded data; 
optical head means (2) which carries out 
recording playback, and erasing of data by 
focusing the laser beam emitted from said 
semiconductor laser means (1) onto a spot on 
said recording film (3); 

semiconductor laser drive means (11) for con- 
trolling the output of said semiconductor laser 
means (1) by selecting a recording, playback or 
erasing operation; 

bias magnetic field means (5) for exerting a 
bias magnetic field onto the recording film (4) of 
said magneto-optic disk according to the 
selected operation of recording or erasing; 
control means (14) for controlling the entire 
part of said magneto-optic disk apparatus; 

characterised in that the apparatus also 
includes signal separation means (7) for sepa- 
rating a magneto-optic playback signal output- 
ted by said optical head means (2), and 
binary coding means (9) for converting an out- 
put of said signal separation means (7) into 
binary data 

whereby, when carrying out a recording 
or erasing operation by continuously applying 
the laser beam at a spot on the recording film 
(4), data which is already recorded on the 
recording film (4) and just recorded or erased is 
read simultaneously with the corresponding 
recording or erasing operation by inputting the 
magneto-optic playback signal obtained from 
the reflected laser light reflected from the mag- 
neto-optic disk to the signal separation means 
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(7) and separating the signal component of the 
data recorded to form an output; 

wherein said binary data converted by 
said binary coding means (9) from said read 
5 out data before write or before erase corre- 

sponding to the read data just recorded or 
erased is stored in said control means (14) for 
not less than a specified time period after com- 
pleting the recording and erasing operation. 

10 

2. A magneto-optic disk apparatus of an optical mod- 
ulation type comprising: 

semiconductor laser means (101) for applying 



is a laser beam onto a recording f3m (104) pro- 

vided on a magneto-optic disk (103) to record 
data and to erase the recorded data; 
optical head means (102) which carries out 
recording, playback and erasing of data by 

20 focusing the laser beam emitted from said 

semiconductor laser means (101) onto said 
recording film (104); 

binary coding means (109) for converting an 
output of said optical head means (102) into 

25 binary data; 

semiconductor laser drive means (1 1 1 ) for con- 
trolling the output of said semiconductor laser 
means (101) according to the selection of a 
recording, playback or erasing operation; 

30 bias magnetic field means (105) for exerting a 

bias magnetic field onto said recording film 
(104) according to the selected recording or 
erasing operation; and, 

control means (115) for controlling the mag- 
35 neto-optic disk apparatus, 

characterised in that when carrying out 
an erasing operation by continuously applying 
a laser beam onto the recording film, the 
recorded data on the recording film is read by 
40 detecting laser light reflected on the recording 

film by the optical head means, converting a 
magneto-optic playback signal obtained from 
the optical head means into binary data 
through said binary coding means, whereby 
45 the binary data is read by control means at the 

same time the data recorded on the magneto- 
optic disk is erased, wherein an output of said 
binary coding means is stored in a memory cir- 
cuit for more than a specified period after corn- 
so pleting an erasing operation. 

3. A magneto-optic disk apparatus according to claim 
1 or 2, wherein the data which is read before the 
recording or erasing operation and stored in the 
55 control means is recorded again on the magneto- 
optic disk (3) when needed. 
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